Objective: Autonomic nervous system dysfunction during the interictal period of epileptic seizures is still poorly understood. We assessed sympathetic and parasympathetic functions during the interictal period using sympathetic skin response (SSR) and R-R interval variability (RR-IV) methods in patients with epilepsy.
INTRODUCTION
Partial and generalized epilepsies can alter autonomic functions in the ictal, interictal, and postictal periods (1) . Partial epilepsies, especially temporal lobe seizures, may often manifest with significant and noticeable alterations in autonomic nervous system (ANS) functions (1) . Recently, clinical studies have shown that heart rate and conduction abnormalities in the ictal period may play a role in the pathogenesis of sudden unexpected deaths in epilepsy (SUDEP), especially in young patients (1, 2) . Seizures typically trigger sympathetic system activity and lead to an increase in heart rate and blood pressure. Sometimes, parasympathetic activation or sympathetic inhibition may accompany sympathetic overactivation.
The most practical and reproducible electrophysiologic methods that evaluate autonomic functions are sympathetic skin response (SSR) and R-R interval variability (RR-IV). Sympathetic skin response and RR-IV are reflectors of sympathetic and parasympathetic system functions, respectively. Sympathetic skin response measures the sympathetic cholinergic sudomotor function of the sympathetic nervous system by means of electrodermal activity (3) . The electrodermal activity reflects the variability of skin resistance in response to electrical transmission. The source of this electric potential obtained via the skin is thought to originate from the dermal sweat glands and the epidermis (4) .
Content of this journal is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. R-R interval variability is based on variability of the heart rate depending on respiration. Physiologically, the heart rate increases during inspiration and decreases during expiration due to the vagal innervation of the heart. This may be influenced by many factors: it decreases with age, it increases as respiration slows down, and it reaches its maximum at 5 to 6 inhalations and exhalations per minute.
In this study, we aimed to investigate the alterations of autonomic functions during the interictal period of epilepsy using SSR and RR-IV.
METHODS

Patient Selection
Our study included 50 patients, aged between 18 and 70 years, who were diagnosed as having epilepsy in accordance with the criteria of the International League against Epilepsy. The patients were admitted to the epilepsy outpatient clinic of neurology between 2015 and 2017. Forty-two age and sexmatched healthy individuals were included as the controls. The patient group was divided into two subgroups as temporal lobe epilepsy (TLE) and extratemporal lobe epilepsy (ELE), according to their clinical semiology, electroencephalography, and neuroimaging findings. The ELE group was further subdivided into subgroups according to the site of origin of the seizure: frontal lobe, parietal lobe, occipital lobe, or generalized epilepsies. Subjects with the following conditions were excluded from the study: those taking medications that could affect ANS functions such as antihypertensive drugs or antiepileptic medications (e.g., carbamazepine, valproic acid and diphenylhydantoin), with a history of meningitis or head trauma, history of a cardiac disease (e.g., arrhythmias, heart block, or pacemakers), diabetes mellitus, polyneuropathies, multiple sclerosis, Parkinson's disease or other diagnoses of similar neurodegenerative disorders that could affect ANS functions. The control group was recruited from healthy medical students and staff of our faculty.
Our study was approved by the İstanbul University-Cerrahpaşa, Cerrahpaşa School of Medicine Ethics Committee (Date 08.06.2009, Decision number: 16988), and written informed consent was obtained from all participants.
Patient Examinations
After detailed neurologic examinations, all participants were interviewed about the presence of the most common autonomic symptoms using a detailed questionnaire (COM-PASS-31) (5). Measurements for evaluating orthostatic hypotension (OH) and electrophysiologic diagnostic tests (EPTs) were performed. The EPTs were conducted in a semi-darkened silent room, between 09:00 A.M. and 13.00 P.M. Room temperature was maintained between 22 and 24ºC and the skin temperature of patients was at least 35ºC while performing the EPT. A Neuropack eight-channel device (Nihon Kohden Corporation, Tokyo, Japan) was used for the EPT. Measurements were taken in a resting position and at least 4 hours after cessation of the consumption of nicotine and caffeine-containing substances such as cigarettes, tea, and coffee.
Orthostatic Hypotension Evaluation
We performed an orthostatic test for each subject. Blood pressures (using an Omron M3 Comfort sphygmomanometer, HEM-713-E, Kyoto, Japan) and heart rates of each subject were measured after a resting period of 30 minutes in the supine position (initial measurement), and repeated at the third minute of the standing position (second measurement). We defined OH as a sustained reduction of systolic blood pressure of at least 20 mmHg or diastolic blood pressure 10 mmHg, and an increase of pulse rate by ≥5 /min at the third minute of the standing position (6).
R-R Interval Variability
The test for RR-IV was performed in a quiet room, while participants rested in the supine position. The superficial Ag/ AgCl electrodes were fixed to the anterior chest area at the fourth and fifth intercostal space. The earth electrode was placed on the midline of the sternum. The trigger sensitivity and sweep speed were adjusted in the oscilloscope display using the triggering mode and delay line to display the QRS complexes on the screen. The first complex is assumed as the triggering potential, the variation in timing of the second complex is accepted as the variation in the RR interval. Three separate measurements were taken: at rest in the 1st minute of normal breathing, during deep inspiration (at a frequency of 6 breaths/min with equal inspiratory and expiratory cycles, each cycle of 5 seconds), and during the Valsalva maneuver (a forced expiration against a closed glottis after a deep inspiration for 15 seconds).
The electromyography device was set to 200 mV for sensitivity, the bandpass was 1-20 Hz, and 0.5 seconds for the scan speed. The RR-IV percentage (RR-IV%) was calculated using the following formula and results were recorded: RR-IV% = (the longest RR -the shortest RR) × 100/mean of RR values (the difference between the shortest and the longest RR intervals during 1 min, given in percentage of the mean of all maximal and minimal peaks).
Sympathetic Skin Responses (SSRs)
The active Ag/AgCl electrode was placed into the palm and the reference electrode was placed onto the dorsum of the subject's hand. The earth electrode was placed in the midline of the frontal region of the head. The device was set to between 0.5 and 2 mV for sensitivity, bandpass 0.1-1000 Hz, and a 1 second scan speed. An electrical current of 12 mA was applied for 0.1 milliseconds to the midline nerve trace at the level of the contralateral wrist. Stimuli were applied unex-pectedly and at irregular time periods to prevent a possible habituation. The SSR latency (the time required to reach the initiation of the first deflection of the wave in milliseconds) and the SSR amplitude (the peak-to-peak distance of the obtained wave in mV) were recorded.
Statistical Analysis
Data analysis was performed using the IBM Statistical Package for the Social Sciences Statistics for Windows, Version 22.0 (SPSS IBM Corp.; Armonk, NY, USA) software package. Data normality was evaluated using the Shapiro-Wilk test. We used descriptive statistical methods (mean, standard deviation, and frequency), Student's t-test for data with normal distribution, and the Mann-Whitney U test for data with non-normal distribution for the two group comparisons. We used Yates's continuity adjustment to compare qualitative data. A p-value of less than 0.05 was considered statistically significant.
RESULTS
In the patient group, 21 patients had TLE and 29 patients had ELE. There was no significant difference between the patient and control groups in terms of age (p=0.085) or sex (p=0.188). The mean age of the patient and control groups was 36.78±13.01 and 41.40±12.31 years, respectively. The COMPASS-31 scores were 22.77±8.2 and 13.14±9.36 for the patient group and control group, respectively (p<0.01). The distribution of seizure types and the most common autonomic symptoms are presented in Table 1 .
The differences of autonomic symptoms between patients with TLE and ELE are shown in Table 2 . Twenty-five (50%) patients had ≥2 autonomic symptoms in the patient group, whereas only 5 (11.9%) had ≥2 autonomic symptoms in the control group. Moreover, two or more autonomic symptoms were more common in the TLE group (85.7%) than in the ELE group (24.1%). The rate of OH was significantly higher in patients with TLE (57.1%) than in those with ELE (20.7%).
The SSR amplitudes of the patient group were significantly higher than in the control group (p=0.023); no difference was found in regard to SSR latency between the two groups ( Table 3 ).
The comparison of SSR amplitude and latency values between the epilepsy patient subgroups is shown in Table 4 . The TLE and ELE groups showed no differences in terms of SSR amplitude and latency (p>0.05). However, SSR amplitudes were significantly diminished in patients with temporal lobe seizures compared with those with generalized epilepsy (p=0.006). There was no significant difference between these two groups in terms of SSR latency (p>0.05).
The RR-IV% values at rest, during deep inspiration, and during Valsalva maneuvers were significantly lower in the patient group than in the control group (p<0.01 for each) ( Table 5 ). There were no significant differences in RR-IV% values between the patients with temporal or extratemporal lobe seizures or between patients with temporal or generalized seizures (p>0.05 for each) ( Table 6 ). 
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DISCUSSION
Both partial and generalized epilepsies may cause alterations in ANS functions during the ictal period of seizures (1, 7, 8) . These functional changes can manifest as cardiovascular, respiratory, gastrointestinal, urinary, cutaneous, or pupillary symptoms (1, 9) . Epileptic discharges can also alter ANS functions during the interictal period (1, 10, 11).
Two main mechanisms are assumed to be responsible for the pathophysiologic changes in the ANS of patients with epilepsy; the insula, the central nucleus of the amygdala, the periaqueductal gray matter, and some brainstem nuclei (especially the nucleus solitarius and nucleus ambiguus) may contribute to autonomic dysfunction during seizure activity. Hypersynchronized neuronal discharges may stimulate these nuclei directly or indirectly via the limbic structures. On the other hand, the central autonomic network itself may be a potential contributor to epileptogenesis (12) (13) (14) .
Interictal autonomic modulations, especially cardiac dysfunctions, are believed to be responsible for SUDEP (15) . In a study focused on the mortality of patients with epilepsy, SUDEP was reported in 18% of deaths in these patients (16) . Altered cardiovascular autonomic regulation with sympa- There are several studies on interictal autonomic dysfunction in temporal lobe seizures (11, (17) (18) (19) (20) . Early and prominent effects on autonomic function can be anticipated in seizures involving this region because temporal lobe structures have numerous connections with the autonomic efferent nuclei. In our study, we observed significantly higher rates of some autonomic symptoms such as vasomotor, urinary, gastrointestinal, secretomotor, and pupillomotor symptoms in patients with TLE compared with ELE. Fifty percent of our patients had at least two clinical autonomic symptoms and most of these patients were in the TLE group (85.7%, p=0.001). Orthostatic hypotension rates were also higher in the TLE group. OH is typically suggestive of sympathetic withdrawal and may support cardiac autonomic dysregulation in our patient cohort. Our findings are compatible with other studies suggesting altered autonomic function in TLEs (11, (17) (18) (19) (20) .
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In the study of Drake et al., who compared 50 patients with epilepsy and healthy controls, the authors reported significantly diminished RR-IV% at rest within the patient group (19.14±12.3 milliseconds) compared with the control group (65.8±52.5 milliseconds) (p<0.01) during the interictal period (14) . In concordance with this study, we found significantly lower RR-IV% values at rest, during deep inspiration, and during Valsalva maneuvers in our patient group (p<0.01); however, we found no significant difference in terms of RR-IV% between patients with temporal versus extratemporal seizures or between patients with temporal versus generalized seizures (p>0.05 for both comparisons).
Some researchers have assumed that RR-IV is under parasympathetic system control and will diminish or disappear in the presence of parasympathetic dysfunction (19) (20) . The reduction in heart rate variability is blamed as one of the pathophysiologic factors of cardiac mortality and sudden cardiac deaths, hence it is expected to contribute to the mechanisms of SUDEP (21) . Our results of low HRV may be assumed as a mark of autonomic dysfunction in patients with epilepsy. However, despite the exclusion criteria of the present study, factors such as the nature of epilepsy disease, probable subclinical seizures, the disorganized cognitive status of the patients, problems related to patient compliance with examinations, and development of a possible autonomic neuropathy may have affected our outcomes (16) (17) (18) (19) .
In the study of Drake et al., SSR latencies and amplitudes were also compared between patient and control groups (14) . They found that SSR latency of epilepsy patients were significantly longer (3.34±1.8 seconds vs. (22) . However, they reported no difference for SSR amplitudes between patients and controls (p>0.05). In our study, we found higher SSR amplitudes in the patient group than in the control group (p<0.05), but there was no significant difference between the two groups in terms of SSR latency (p=0.1). Moreover, we found no significant difference between the TLE and ELE groups in terms of SSR latencies or amplitudes. In addition, although the SSR latency did not differ between patients with either temporal or generalized seizures, the SSR amplitudes were higher in the generalized epilepsy group (p<0.01).
It is thus still controversial whether a high SSR amplitude is indicative of pathologically increased sympathetic responsiveness (23) . Sympathetic skin responses are thought to receive suprasegmental excitatory inputs from the cerebral cortex and suprasegmental inhibitory inputs from the striatum and reflect the activity of the posterior hypothalamus and the brain stem reticular formation (23) . This may indicate a central steering effect on autonomic functions. We assumed that the significantly higher SSR amplitudes in our patients with generalized epilepsy might be explained by excitatory discharges affecting a more widespread area of the cerebral cortex in generalized seizures.
Akyüz and Akdeniz-Leblebiciler suggested that SSR latency reflected the conduction of the efferent sudomotor pathway and the postganglionic non-myelinated C fibers (24) . Other studies reported prolonged SSR latencies in the upper extremities reflecting a sympathetic dysfunction (11, (25) (26) (27) . Prolonged SSR latencies have also been reported in diseases such as Parkinson's disease, reflex sympathetic dystrophy, amyotrophic lateral sclerosis, and hemispheric and brainstem-derived ischemic strokes where the ANS is extensively involved (28) (29) (30) (31) . It is hypothesized that sympathetic system dysfunction may be more objectively reflected by SSR latency values because they are less affected by the habituation phenomenon (17) . Interestingly, in our study, the SSR latencies between the patient and control groups revealed no significant difference, contrary to the results of the above-mentioned studies.
There are some limitations to our study. First, our small sample size might have affected our outcomes. Second, we could not perform any other additional EPTs such as standard deviation of heart rate variability, expiration/inspiration ratio, Valsalva ratio or frequency analysis, which might support our findings. Moreover, we also could not assess the potential effects of the age and sex of the patients or the frequency of seizures on autonomic functions.
In this study, our objective was to demonstrate the presence of alterations within autonomic system functions in patients with epilepsy during the interictal period. The recognition of patients with autonomic dysfunction is crucial, because it plays an important role in SUDEP. Further studies with larger sample sizes and additional investigations are needed to support our findings.
Ethics Committee Approval: Ethics committee approval was received for this study from the ethics committee of İstanbul University-Cerrahpaşa, Cerrahpaşa School of Medicine ethics committee (Date 08.06.2009, Decision number: 16988).
Informed Consent: Written informed consent was obtained from all individual participants included in the study.
Peer-review:
Externally peer-reviewed. 
